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7KHUROHRIPLFURILOWUDWLRQDQGXOWUDILOWUDWLRQLQK\EULGWUHDWPHQWV\VWHPVIRU120
UHPRYDOIURPZDWHU
05DMFD
6LOHVLDQ8QLYHUVLW\RI7HFKQRORJ\3RODQG
1DWXUDORUJDQLFPDWWHU 120 LVSUHVHQW LQQDWXUDOZDWHUPDLQO\ LQ WKH IRUPRIKXPLF +$
DQG IXOYLF )$ DFLGV DSSHDUDQFH RI ZKLFK LQ ZDWHU LV YHU\ LPSRUWDQW FRQVLGHULQJ ZDWHU
WUHDWPHQW WHFKQRORJ\ 7KH\ DFW DV SUHFXUVRUV RI GLVLQIHFWLRQ E\SURGXFWV '%3 LQFOXGLQJ
WULKDORPHWKDQHV 7+0 DQG FDXVH WKH IRUPDWLRQ RI WKH ILOWUDWLRQ FDNH DQG PHPEUDQH SRUHV
EORFNLQJGXULQJZDWHU WUHDWPHQWYLDPLFUR 0)DQGXOWUDILOWUDWLRQ 0) IRXOLQJSKHQRPHQRQ
7KXVWKHFRQVWDQWPRQLWRULQJRIWKHVHVXEVWDQFHVLVYHU\LPSRUWDQWSDUWRIZDWHUWUHDWPHQW$V
SDUWLFOHV RI IXOYLF DFLGV DUH TXLWH VPDOO WKHLU UHPRYDO YLD FODVVLFDO WUHDWPHQW PHWKRGV HJ
FRDJXODWLRQ RU VLQJOH VWDJH0)RU8)SURFHVVHV LV OLPLWHG >@ 7KH LQFUHDVH RI WKH WUHDWPHQW
HIIHFWLYHQHVV FDQ EH DFKLHYHG E\ WKH DSSOLFDWLRQ RI K\EULG WUHDWPHQW V\VWHPV 7KH VXIILFLHQW
FRPELQDWLRQRIXQLWRSHUDWLRQVLQK\EULGSURFHVVHVHQDEOHVDOPRVWUHPRYDOUDWHRIWKRVH
LPSXULWLHVIURPZDWHU
7KHV\QWKHWLFZDWHUZDVSUHSDUHGE\GLVVROYLQJKXPLFDQG IXOYLFDFLGV LQGHLRQL]HGZDWHU
ZKLOHVXUIDFHZDWHUZDVWDNHQIURP3DSURFDQVNLH/DNHLQ7\FK\8SSHU6LOHVLD3RODQG+XPLF
DFLGV SRZGHU ZDV VXSSOLHG E\ 6LJPD$OGULFK *HUPDQ\ ZKLOH IXOYLF DFLG SRZGHU E\ %HLMLQJ
0XOWLJUDVV)RUPXODWLRQ&R/WG&KLQD,QWKHLRQH[FKDQJHSURFHVV0,(;UHVLQRIJUDQXOHV
VL]HPVXSSOLHGE\2ULFD:DWHUFDUHZDVXVHG7KHUHVLQZDVGRVHGWRZDWHULQWKHIRUP
RIVXVSHQVLRQP//DQGUHJHQHUDWHGZLWK1D&OVROXWLRQ7KHLRQH[FKDQJHZDVFDUULHG
RXW LQ WZR SURFHVV PRGHV  ± FRQWDFW DQG VHGLPHQWDWLRQ WLPH  PLQXWHV  ± LQOLQH
LQWURGXFWLRQ RI WKH UHVLQ WR WKH ILOWUDWLRQ IHHG WDQN 7KH FRDJXODWLRQZLWK WKH XVH RI DOXPLQXP
VXOSKDWH$O62Â+2E\.HPLSROPJ$O/ZDVSHUIRUPHGZLWKRXWWKHVHGLPHQWDWLRQ
VWDJH LQOLQH DQG WKH FRDJXODQW ZDV LQWURGXFHG GLUHFWO\ WR WKH ILOWUDWLRQ IHHG WDQN 7KH
SKRWRFDWDO\VLVSURFHVVZDVFDUULHGRXWLQ+HUDHXVUHDFWRUZLWKWKHXVHRIPHGLXPSUHVVXUH89
ODPS H[SRVXUH WLPH ±  K DQG 7L2 DV D FDWDO\VW    J/ E\ 'HJXVVD )RU
PHPEUDQH ILOWUDWLRQ IODW VKHHW 39') PHPEUDQHV E\ *H ,QIUDVWUXFWXUH :DWHU	3URFHVV
7HFKQRORJLHVRIFXWRIIN'D±8)DQGSRUHVL]HP±0)ZHUHXVHG7KHSURFHVVHV
ZHUHFDUULHGRXWLQ0LOOLSRUH&'6FHOOHTXLSSHGZLWK$PLFRQIHHGWDQNDQGRSHUDWHGLQ
WKHGHDGHQGPRGH7KHFDSDFLW\RIWKHV\VWHPZDVFKHFNHGDW03DSUHVVXUH7KHEDVLF
FULWHULRQ RI WKH ZDWHU WUHDWPHQW HIIHFWLYHQHVV HYDOXDWLRQ XVLQJ PHPEUDQH ILOWUDWLRQ ZDV WKH
UHODWLYH SHUPHDWH IOX[ Į -- ZKHUH -YROXPHWULF SHUPHDWH VWUHDP -YROXPHWULF GHLRQL]HG
VWUHDP ZKLFK LQGLFDWHG RQ WKH LQWHQVLW\ RI PHPEUDQH EORFNLQJ IRXOLQJ 7KH DQDO\VHV RI
GLVVROYHG RUJDQLF FDUERQ FRQFHQWUDWLRQ XVLQJ +LSHU72& DQDO\]HU E\ 7KHUPR &RUSRUDWLRQ
DEVRUEDQFHDW89ZLWKWKHXVHRI899,6&(VSHFWURSKRWRPHWHUE\&HFLO ,QVWUXPHQWV
DQGFRORUXVLQJ6SHFWURTXDQW129$SKRWRPHWHUE\0HUFNZHUHPDGH

7KH UHVXOWV REWDLQHG IRU LQYHVWLJDWHG ZDWHU WUHDWPHQW PHWKRGV FRPELQHG LQ GRXEOH RU
PXOWLVWDJHK\EULGV\VWHPVDUHSUHVHQWHGLQWDEOH

7DEHOD9DOXHVRILPSXULWLHVLQGLFDWRUVLQIHHGDQGWUHDWHGXVLQJK\EULGV\VWHPVZDWHUV
3DUDPHWHU7UHDWPHQWSURFHVV
$EVRUEDQF
H  QP
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J7L2/
QRQLQYHVWLJDWHG

7KHREWDLQHG UHVXOWV VKRZHG WKDW WKHYDOXHVRI LPSXULWLHV LQGLFDWRUV LQ WUHDWHGZDWHUZHUH
EHORZ VWDQGDUGV UHTXLUHG IRU GULQNLQJ ZDWHU 0XOWLVWDJH ZDWHU WUHDWPHQW V\VWHPV HJ LQOLQH
FRDJXODWLRQ0)0,(;'2&8)DQGSKRWRFDWDO\VLV8)7L2GRVHDQGJ/ZHUHIRXQG
WREHWKHPRVWVXIILFLHQW
7KH DOWHUQDWLYH LRQ H[FKDQJH 0,(;'2& SURFHVV ZKLFK LV EDVHG RQ WKH LRQ H[FKDQJH
SHUIRUPHG RQ WKH UHVLQ VXVSHQGHG LQ WKH WUHDWHG ZDWHU LV IRXQG WR EH YHU\ XVHIXO WRRO IRU
UHPRYDORIDQLRQLFRUJDQLFDQG LQRUJDQLFFRPSRXQGV '2&%U12 >@7KHUHVXOWVRI WKLV
VWXG\LQGLFDWHGRQWKHKLJKHIILFLHQF\RI0,(;UHVLQLQUHPRYDORI'2&WKHRUHWLFDOO\'2&RI
VPDOODQGPHGLXPPROHFXODUZHLJKWFRPSRXQGVXSWRN'D
7KH FRDJXODWLRQ SURFHVV LV HIIHFWLYH WUHDWPHQW PHWKRG IRU UHPRYDO RI PHGLXP DQG KLJK
PROHFXODUZHLJKWFRPSRXQGV7KXVRQHFDQVD\ WKDW0,(;'2&DQGFRDJXODWLRQSURFHVVHV
FRPSOHPHQW HDFK RWKHU DQG HQDEOH WKH UHPRYDO RI FRPSRXQGV LQ WKH ZLGHPROHFXODU ZHLJKW
UDQJH
7KH SKRWRFDWDO\VLV SURFHVV LV VXIILFLHQW IRU GHJUDGDWLRQ RI RUJDQLF FRPSRXQGV SUHVHQW LQ
ZDWHUDQGLWVHIIHFWLYHQHVVGHSHQGVRQWKHFDWDO\VWGRVH
7KHLQWURGXFWLRQRIORZSUHVVXUHPHPEUDQHILOWUDWLRQ0)8)DVWKHHOHPHQWRIK\EULGZDWHU
WUHDWPHQWV\VWHPVLJQLILFDQWO\LPSURYHVWKHSURFHVVDVLWHQVXUHVWKHUHWHQWLRQRI0,(;UHVLQ
SRVWFRDJXODWLRQ IORFNVDQGSKRWRFDWDO\VWSDUWLFOHV LQ WKH UHDFWRU0RUHRYHU WKHDGYDQWDJHRI
WKHK\EULGV\VWHPVZLWK0)DQG8)LVWKHPLQLPL]DWLRQRIIRXOLQJSKHQRPHQDDQGLPSURYHPHQW
RI WKH SURGXFHG ZDWHU TXDOLW\ 7KH EORFNLQJ FRHIILFLHQW PHDVXUHG GXULQJ WKH VLQJOH VWDJH
PLFURILOWUDWLRQRIV\QWKHWLFDQGVXUIDFHZDWHUZDVHTXDOWRDQGUHVSHFWLYHO\ZKLOHIRUWKH
K\EULG V\VWHP WKH FRHIILFLHQW YDOXHVZDV LQ WKH UDQJH  IRU V\QWKHWLFZDWHU DQG  IRU
VXUIDFHZDWHU,QFDVHRIVLQJOHVWDJH8)RIVXUIDFHZDWHUYDOXHZDVZKLOHLQWKHK\EULG
V\VWHPV LW ZDV FORVH WR  'XULQJ V\QWKHWLF ZDWHU ILOWUDWLRQ WKH 8) PHPEUDQH IRXOLQJ ZDV
QHJOLJLEOH

7KLVZRUNZDVSHUIRUPHG E\ WKH ILQDQFLDO VXSSRUW IURP7KH3ROLVK0LQLVWU\ RI (GXFDWLRQ DQG
6FLHQFHXQGHUWKHJUDQWQR11

>@)X--L0=KDR<:DQJ/.LQHWLFVRIDTXHRXVSKRWRFDWDO\WLFR[LGDWLRQRIIXOYLFDFLGVLQ
D SKRWRFDWDO\VLV ± XOWUDILOWUDWLRQ UHDFWRU 385 6HSDUDWLRQ DQG 3XULILFDWLRQ 7HFKQRORJ\ 
SS±
>@0DULROD5DMFD7KHLQIOXHQFHRIVHOHFWHGIDFWRUVRQWKHUHPRYDORIDQLRQLFFRQWDPLQDQWVIURP
ZDWHU E\PHDQV RI LRQ H[FKDQJH0,(;'2& SURFHVV$UFKLYHV RI (QYLURQPHQWDO 3URWHFWLRQ
YROQRSS
.H\ZRUGV IXOYLF DQG KXPLF DFLGV UHPRYDO0,(;'2& SKRWRFDWDO\VLVPLFURILOWUDWLRQ DQG
XOWUDILOWUDWLRQ


